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CLAIMS 



[Claim(s)] 

1. It is the computer practice which manages the DS of the linked list containing the first element 
containing a part for data division, and a pointer part. The phase correct the DS of a linked list, The 
phase which updates the pointer part of a first element including atomic actuation so that 
correction of the DS of a linked list may reflect How to contain the phase perform the 
asynchronous traverse of the DS of a linked list to correction and the coincidence of the DS of a 
linked list. 

2. Computer practice including phase of performing simultaneously two or more asynchronous 
traverses of DS of linked list according to claim 1. 

3. Computer practice including phase where atomic actuation corrects pointer part of first element, 
and points out the 2nd element including phase where phase of correcting DS of linked list adds 
the 2nd element to DS of linked list according to claim 1. 

4. Computer practice including phase where atomic corrective action corrects pointer part of first 
element, and points out the 3rd element according to claim 1 . 

5. Computer practice including phase where atomic actuation corrects pointer part of first element, 
and points out the 3rd element instead of the 2nd element including phase where phase of 
correcting DS of linked list removes the 2nd element from DS of linked list according to claim 1. 

6. Computer practice including phase of performing mark / sweep garbage collection actuation to 
DS of linked list to correction and updating actuation, and coincidence according to claim 1. 

7. Computer practice according to claim 1 whose phase of correcting DS of linked list is 
synchronous operation. 

8. Computer practice according to claim 1 in which asynchronous traverse includes retrieval 
actuation which searches part for data division of element within DS of linked list. 

9. In Object of Linked List in Object Oriented Programming Environment DS of Linked List 
Containing Two or More Elements Which Have a Part for Data Division, and Pointer Part, 
Respectively, The correction method which corrects the DS of a linked list by insertion or 
clearance of first element, The updating method reflecting correction of the DS of the linked list 
which updates the pointer part of the 2nd element, and uses an atomic corrective action, the 
object containing the traverse method which performs correction of the DS of the linked list by 
correction method, simultaneously the asynchronous traverse of the DS of a linked list. ., 

10. It is the Processor when Processor Performs. By Inserting or Removing 2nd Element The phase 
of correcting the DS of the linked list containing the first element which has a part for data 
division, and a pointer part, The phase which updates the pointer part of a first element including 
atomic actuation so that correction of the DS of a linked list may be reflected, The computer- 
readable medium which memorized a series of instructions which perform correction of the DS of 
the list linked [ ], and the phase of performing the asynchronous traverse of the DS of a linked list 
to coincidence. 

11. The computer-readable medium according to claim 10 which memorized correction of the DS of 
a linked list, and a series of instructions which make coincidence perform two or more 
asynchronous traverses of the DS of a linked list to a processor. 

12. The computer-readable medium which is a computer-readable medium according to claim 10 
which memorizes a series of instructions to which the 2nd element is made to add to a processor 
into the DS of a linked list, and includes the phase where atomic actuation corrects the pointer 



part of a first element, and points out the 2nd element. • 

1 3. A computer-readable medium including the phase where atomic actuation corrects the pointer 
part of a first element, and points out the 3rd element according to claim 10. 

14. The computer-readable medium by which it is the computer-readable medium according to 
claim 1 0 which memorizes a series of instructions from which a processor is made to remove the 
2nd element from the DS of a linked list, and the phase to update includes the phase which 
corrects the pointer part of a first element to ATOMIKKU, and points out the 3rd element instead 
of a first element. 

1 5. A computer-readable medium including the phase of performing mark / sweep garbage 
collection actuation to the DS of a linked list to correction and updating actuation, and coincidence 
according to claim 10. 

16. The computer-readable medium according to claim 10 whose phase of correcting the DS of a 
linked list is synchronous operation. 

17. In order to manage the DS of the linked list containing the element containing a part for data 
division, and a pointer part The phase perform the 1st actuation to the DS of a linked list, The 
approach, by which it is a computer practice including the 1st actuation and the phase perform the 
asynchronous traverse of the DS of a linked list to coincidence, and this read is performed as 
atomic actuation including the phase which this asynchronous traverse performs in the read of the 
pointer part of an element, 

1 8. The computer practice according to claim 1 7 whose 1 st actuation is the asynchronous traverse 
of the DS of a linked list further. 

1 9. The computer practice according to claim 1 7 whose 1 st actuation is synchronous correction of 
the DS of a linked list further. 

20. It is the Processor when Processor Performs. Phase of Performing 1 st Actuation to DS of 
Linked List, It is the computer-readable medium which memorized a series of instructions which 
perform the 1 st actuation, and the phase of performing the asynchronous traverse of the DS of a 
linked list to coincidence. The computer-readable medium by which this read is performed as 
ATOMITTA actuation including the phase where this asynchronous traverse performs read of the 
pointer part of an element. 

21. The computer-readable medium according to claim 20 whose 1st actuation is the asynchronous 
traverse of the DS of a linked list. 

22. The computer-readable medium according to claim 20 whose 1st actuation is synchronous 
correction of the DS of a linked list further. 

23. It is the Processor when Processor Performs. By Inserting or Removing 2nd Element The phase 
of correcting the DS of the linked list containing the first element which has a part for data 
division, and a pointer part, The phase which updates the pointer part of a first element including 
atomic actuation so that correction of the DS of a linked list may be reflected, The computer data 
signal showing a series of instructions which perform correction of the DS of the list linked [ ], and 
the phase of performing the asynchronous traverse of the DS of a linked list to coincidence built 
into the subcarrier. 

24. It is the Processor when Processor Performs. Phase of Performing 1 st Actuation to DS of 
Linked List Containing Element Containing a Part for Data Division, and Pointer Part, Express a 
series of instructions which perform the 1st actuation, and the phase of performing the 
asynchronous traverse of the DS of a linked list to coincidence. The computer data signal with 
which it is the computer data signal built into the subcarrier, and this read is performed as atomic 
actuation including the phase where this asynchronous traverse performs read of the pointer part 
of an element. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

The method of managing the DS of a linked list, and field of equipment invention Generally, this 
invention relates to the field of a computer software program, and relates to the approach of 
managing the DS of a linked list maintained and accessed by the detail by the computer program. 
Background The DS of a linked list can store the sequence of a data element, can add a data 
element to these sequences promptly, and can remove it from them. DS of a linked list is 
characterized by each of that element containing the pointer to a series of next elements under 
linked list. 

Therefore, when the element to the DS of a linked list is added or an element is removed from 
there, he updates the pointer of the last element and it will be understood that correction of the 
DS of a linked list must be made to reflect. 

A multithread program may need access to the DS of the linked list of specification [ some of 
them ] including some threads. Such a thread performs non-corrective actions, such as GET, or 
corrective actions, such as ADD, to the DS of a linked list. In order to prevent the concurrent 
access from some threads to an object like the DS of a linked list, by such thread, lock treatment 
... is performed to a target object, and thereby, generally, operation of the so-called "synchronous" 
method which prevents that the method of arbitration accesses a target object is performed until 
the method in activity carries out lock discharge of the object again. 

When a target object is the DS of a linked list, this whole DS is locked by that method in this way 
until a synchronous method is usually completed. Therefore, the concurrent access from various 
threads to the DS of a linked list is forbidden. 

Outline of invention According to the 1st mode of this invention, the method of managing the DS of 
a linked list is offered. The DS of a linked list contains the first element which has a part for data 
division, and a pointer part both. This approach needs to correct the DS of a linked list by inserting 
or removing the 2nd element. The pointer part of a first element is updated and reflects correction 
of the DS of a linked list. The renewal of the pointer part of this first element includes atomic 
actuation, correction of the DS of a linked list, simultaneously the asynchronous traverse of the DS 
of a linked list are performed. In the one embodiment, traverse actuation is a non-corrective action 
and includes the read of data, and/or retrieval actuation. 

According to the 2nd mode of this invention, when a processor performs, the computer-readable 
medium which memorized a series of instructions which make the processor perform each phase of 
an above-mentioned approach is offered. 

According to the 3rd mode of this invention, a linked list object is offered in an object oriented 
programming environment. This object contains the correction method which corrects the DS of a 
linked list by insertion or clearance of the DS of a linked list, and a first element. This object also 
contains the updating method reflecting the correction which updated the pointer part of the 2nd 
element and was carried out to the DS of a linked list by the correction method. The updating 
phase performed by this updating method includes atomic actuation. This object also contains in 
the correction and coincidence of the DS of a linked list by the correction method the traverse 
method which performs the asynchronous traverse of the DS of a linked list. This traverse can 
perform inspection of the pointer part of a first element as atomic actuation. 
The description of others of this invention will become clear from the drawing of the following 
attachment, detailed explanation, and a claim. 



Easy explanation of a drawing This invention is illustrated to each drawing of an attached drawing 
not for the purpose of a limit but for the purpose of instantiation. By a diagram, the same reference 
mark points out some elements. 

Drawing 1 is a block diagram showing the multithread program which operates in an object-oriented 
program environment. 

Drawing 2 is a schematic diagram showing the DS of a linked list. 

the — the [ 3a drawing and ] — 3b drawing is a schematic diagram showing the element insertion 
actuation and element clearance actuation which are performed to the DS of the linked list shown 
in drawing 2, respectively. 

Drawing 4 is a flow chart showing how to manage the DS of the linked list by 1 operation gestalt of 
this invention. 

Drawing 5 is a block diagram showing the structure of a hash table. 

Drawing 6 is a block diagram showing a series of hash table objects built according to 1 operation 
gestalt of this invention. 

Drawing 7 is a block diagram showing the computer system containing the computer-readable 
medium which memorized a series of instructions which make the processor perform the approach 
of managing the DS of the linked list by 1 operation gestalt of this invention, when the processor of 
computer system performs. 

Detailed explanation The computer practice which manages the DS of a linked list is described. In 
the following description, it aims at explanation, he indicates the specific detail of shoes, and this 
invention is understood thoroughly. However, probably, it will be clear to this contractor that this 
invention can be carried out without using these details. Although indicating below one instantiation 
operation gestalt carried out in object oriented programming language, speaking concretely, this 
invention is not this language or the thing limited to the programming language type of arbitration in 
addition to this. 

When drawing 1 is referred to, they are U.S. California and Mountain. Sun of View The block 
diagram of the multithread program (10) created with object-oriented programming language, such 
as JavaTM programming language which Microsystems developed, is shown. A program 1 0 
maintains the thread queue 12 which needs access to an object 16 and which consists of threads 
14b, 14c, and 14d. Thread 14a is shown as what has access to current and an object 16. The 
multithread program 10 is characterized by the ability to access to the common data with which 
each thread 1 4 shares data and may be contained in objects, such as an object 1 6, by that cause, 
or a variable. For example, in JavaTM programming language, a Java virtual machine (JVM) can 
always support activation of many threads. These threads perform the Java code which acts on 
the value and object which reside permanently into a shared memory independently, respectively. 
Two or more threads can be supported by having two or more hardware processings, carrying out 
the time slicing of the single hardware processor, or carrying out the time slicing of many hardware 
processors. 

It can access the thread 14 of an active state to the object of the arbitration which has reference. 
For example, thread 14 a-d has the reference to an object 16, respectively. When two or more 
threads access to a common object, the actuation performed by each of these threads collides, 
and is considered that it may lead to malfunction of the thread of destruction of a related object, 
one side, or both. In order to cope with this problem, generally specifying "synchronous" access as 
the object which two or more threads share is performed. Speaking concretely, the vocabulary "a 
synchronization" pointing out the capacity it enables it to complete certainly, without one thread 
having the actuation to an object, a variable, or data interrupted. It can synchronize by using a 
semaphore or mutexes. As an exception method, the synchronization between thread accesses can 
also be obtained by using the "monitor" which is the high level device in which only only one 
thread enables it to perform at once the coding region protected by the related monitor. In JavaTM 
language, the object which can be again notified to the thread which blocked the thread, and was 
blocked when it became available after that is called a monitor object. For example, if drawing 1 is 
referred to, since an object 16 will turn into a monitor object, in that case, when 14a accesses to 
an object 16, thread 14 b~c is blocked, and when thread 14a completes access to an object 16, it 
will notify to the thread queue 1 2. The treatment which the treatment which blocks access to the 
object by other threads will be called if a "lock" is performed, and enables access to the object by 



another thread again is called "lock discharge" actuation. 

It will be understood that there is disadvantage of the engine performance in which only a single 
thread can always access an object, therefore specific parallel operation may be forbidden to the 
thread which performs a synchronous method. 

The common data structure type incorporated in the object 1 6 is DS 20 of the linked list shown in 
drawing 2. DS 20 of this linked list makes easy quick insertion of the element to this sequence, and 
quick clearance of the element from there including an elements [ which were able to be set in 
order / 22a~22n ] sequence. Each element 22 contains the pointer 26 to the following sequential 
element 22 in a data item 24 and DS 20 of a linked list. Element 22n of the last in DS 20, it has a 
nullpointer showing termination of a list. 

the — the [ 3a drawing and ] — 3b drawing is drawing showing the modification voice of DS 20 of a 
linked list, if it says concretely — the — 3a drawing is drawing showing insertion of the element 22 
in DS 20 (n), and the element 22 (n+1) of a between [ 22 (n+2) ]. the — 3b drawing is drawing 
showing clearance of the element 22 (n+1) from DS 20 of a linked list similarly, first — the — if 3a 
drawing is referred to, the thread of an active state which has access to an object including DS 20 
of a linked list can insert an element 22 (n+1). In order to insert such an element in DS 20 of a 
linked list (or addition), it is necessary to update so that the element 22 (n+1) in which the pointer 
of the element 22 (n) which is just before the location which is going to insert an element 22 (n+1) 
was newly inserted from the former sequential element 22 (n+2) may be pointed out. An arrow head 
28 shows renewal of the pointer of this element 22 (n). The inserted pointer of an element 22 (n+1) 
must also be set so that an element 22 (n+2) may be pointed out. 

With 1 operation gestalt of this invention, each pointer 26 includes 32 bit addresses. The need for 
synchronous in a program will become clear if assumption that two threads have accessed DS 20 
of a linked list simultaneously is taken into consideration. Speaking concretely, the 1st thread 
which is inserting the element 22 (n+1) updating the pointer 26 of an element 22 (n), and taking into 
consideration the case where he is trying to point out the element 22 (n+1) inserted newly. The 
traverse of DS 20 may be performed by inspecting the data pass with which it could come, 
simultaneously the 2nd thread was specified by it Speaking concretely, the 2nd thread's having 
traversed DS 20, in order to search the predetermined data item 24. What is understood are [ the 
read actuation performed on the pointer corrected selectively ] disadvantageous for the traverse 
of DS 20 by the 2nd thread will be understood since the 2nd thread turns it to the next element in 
a sequence depending on the pointer of each element In order to prevent the scenario outlined 
above, the method of the object which accesses DS 20 of a linked list is synchronized, and, 
generally making it only only one thread or a method always have access to DS 20 is performed. 
Speaking concretely, being able to attain a lock directly using a synchronization on the DS of the 
hash table which refers to the DS of a linked list, or DS 20 of a linked list. However, it will be 
understood at once only by [ one ] carrying out a method and preventing from accessing the DS of 
a loan NKU finishing list that optimum performance is no longer offered, the meaning of this 
invention is understood — being alike — it must take into consideration about three following 
actuation which can be performed to DS 20 of a linked list, namely, — the [ 1. ] — as shown in 3a 
drawing, an element is added to DS 20 of a linked list — insertion (or addition) actuation the [ 2. ] 

— as shown in 3b drawing, an element is removed from DS 20 — clearance (or deletion) actuation 

— and — 3. — traverse actuation in which it decides that a certain specific data item exists in it, 
and the content of the element within DS 20 is inspected in order to search such a data item 
depending on/or the case. 

Traverse actuation is distinguished from insertion actuation and clearance actuation in that the 
correction to DS 20 does not take place. This invention proposes the approach that the non- 
correcting traverse of DS 20 of a linked list is as asynchronous as other traverse actuation and 
corrective actions. If the asynchronous traverse actuation is carried out, since a corrective action 
and traverse actuation can take place simultaneously and some asynchronous traverses of DS 20 
of a linked list can also take place to coincidence, it is advantageous. Therefore, in the program two 
or more threads of whose mainly perform traverse actuation about DS 20 of a linked list, the 
thread of these large number can access DS 20 simultaneously. Implementation of asynchronous 
traverse actuation becomes easy by specifying the ATOMIKKU read and the write-in actuation by 
the thread of the pointer 26 of an element 22. Speaking concretely, completing atomic actuation 



certainly indivisible therefore functionally, next — the methodology of this invention — the — the 
[ 3a drawing and ] — : it describes especially with reference to 3b drawing, the — the insertion 
method shown in 3a drawing synchronizes with other synchronous methods, and includes the 
following phase especially. 

1. Phase of inspecting whether element which it is going to insert already existing in the linked list 
structure 20. It closes insertion actuation, in existing. 

2. Phase which updates pointer of element 22 (n+1) inserted in atomic actuation, and points out 
following sequential element 22 (n+2). If this phase is completed, both the element 22 (n) and 22 
(n+1) have pointed out the same element 22 (n+2). 

3. Phase which updates pointer of element 22 (n) and points out inserted element 22 (n+1) in 
atomic actuation. 

Similarly, the synchronous method which removes an element 22 from DS 20 of a linked list can 
include the following phase especially. 

1. Phase of deciding whether inspection actuation being performed and related data item being 
actually included during linked list. 

2. Phase which sets pointer of element 22 (n) in atomic actuation so that element 22 (n+2) may be 
pointed out. 

Please care about that correction of the pointer 26 of an element 22 includes atomic actuation in 
the actuation performed above. Therefore, inspecting data pass with any effective methods which 
perform traverse actuation of DS 20 of a linked list between such insertion or deletion actuation 
will be guaranteed. The guarantee of this effective-data pass makes easy access to DS 20 of the 
linked list by the method which carries out asynchronous traverse actuation. However, with 1 
operation gestalt, it will be understood that a synchronous corrective action is still required in 
order to prevent the collision between such corrective actions. Therefore, some threads 
incorporating such an asynchronous traverse method are enabled to access DS 20 of a single 
linked list simultaneously by using an asynchronous traverse method, and it becomes possible to 
optimize the engine performance of a computer program in this way. 
Furthermore, this invention is so-called "mark / sweep garbage collection." 
It is suitable tor especially the activity with the programming language which has the capacity to 
carry out Speaking concretely, with such a mark / a sweep garbage collection technique, not 
mounting a reference counter style, in order to maintain the tracking of the reference to a specific 
object. The garbage collection technique using a reference count may restrict the advantage on 
the engine performance which this invention attains, when synchronous operation is needed, 
therefore synchronous garbage collection actuation is performed. 

Next, reference of drawing 4 shows the method 30 of managing DS 20 of the linked list containing 
some elements 22 by this invention. It starts from a phase 32, and this approach advances and 
performs 2 sets of actuation to juxtaposition. Speaking concretely, by the approach 30, the 1 st 
thread's being able to correct DS 20 of a linked list by inserting or removing an element 22 in a 
phase 34. Subsequently, an approach 30 goes to a phase 36, corrects to ATOMIKKU the pointer of 
an element 22 with which it is related within DS 20, and reflects the correction made in the phase 
34. With 1 operation gestalt of this invention, the programming language which makes easy 
ATOMIKKU correction and read of a pointer 26 is JavaTM programming language. By the approach 
30 of this invention, asynchronous traverse actuation of the number of arbitration of DS 20 of a 
linked list can be performed in parallel to performing phases 34 and 36 and coincidence in a phase 
38. 

Drawing 5 is drawing containing some the entries or buckets 42 which can refer to DS 20 of each 
linked list, respectively showing a hash table 40. According to hash table DS, the data item (for 
example, employee record) used as an object is identified by the key. For example, the data item in 
the first element 22 of DS 20a of a linked list is identified by the key "AAA." A hash table 40 
calculates the integral value which is called a hash code and which is obtained from a key. 
Therefore, the hash code generated from the key "AAA" of the example of a graphic display 
serves as zero (0). In this way, a hash table 40 makes generation of the shortened array index easy. 
It is thought that the close data item which has the key by which the common hash code is 
generated is in the same bucket, and DS 20 of the linked list of what is shown in drawing 5 can be 
included. This invention can be used in order to manage DS 20 of the linked list referred to with a 



hash table 40. 

Drawing 6 is drawing by this invention showing a series of objects 50 containing the object of a 
class 52. Each object 50 is shown as a thing including the hash table structure 40 which attaches 
an index to DS 20 of some linked lists. Each object contains further three asynchronous traverse 
methods 60, i.e., the "CONTAINS" method, the "CONTAINS KEY" method 62, and the "GET" 
method 64. The "CONTAINS" method 60 tests whether the map of the key given by the thread is 
carried out to the value as which it was specified in hash table DS 40. The "CONTAINS KEY" 
method 62 tests whether the specified object is a key in hash table DS 40, and the "GET" method 
64 returns the data item to which the map of the given key is carried out in hash table DS 40. Each 
object contains further the synchronous "PUT" method 66 which can insert an element 22 into DS 
20 of a linked list according to above-mentioned methodology. Each object 50 contains further the 
synchronous "REMOVE" method 68 which can remove an element 22 from DS 20 of a linked list 
according to above-mentioned methodology. Of course, the above-mentioned object 50 is mere 
instantiation, and it will be understood that the principle of this invention is applicable to the object 
of the number of arbitration of various structures. 

Next, the computer system 70 containing a processor 72, static memory 74, and main memory 76 
is shown in drawing 7. A processor 72 and the memory 74 and 76 of each other [ and ] are 
connected with some peripheral devices through a bus 78. The actuation unit 86 which holds the 
video displays 80 (a cathode-ray tube (CTR), liquid crystal display (LCD), etc.), the alphabetic- 
character input devices 82 (keyboard etc.), cursor controllers 84 (mouse etc.), and the computer- 
readable medium 88, the signal generation equipments 90 (one pair of voice loudspeakers etc.), and 
network interface equipment 94 are included in an above-mentioned peripheral device. In this 
invention, the vocabulary a "computer-readable medium" shall point out the magnetic storage 
which can obtain data for the actuation unit 86, main memory 76, static memory 74, a processor 
72, or a processor 72 to perform and which can be held into the medium of arbitration in addition 
to this. The hash table object 92 containing methods, such as an above-mentioned thing, is shown 
as what resides permanently completely selectively into the computer-readable medium 88, main 
memory 76, or processor 72 the very thing. The hash table object 92 includes a series of 
instructions which make a processor 72 perform the phase described in relation to drawing 4 at 
least, when a processor 72 performs. 

Network interface equipment 94 can use a modem, a network adapter card, or computer system 70 
as the equipment of the other arbitration combined with a computer network. Network access 
equipment 94 can be used, and the subcarrier by which the computer data signal was coded can be 
generated or received. A computer data signal can be interpreted and the program code which can 
be performed in order to carry out this invention can be generated. 

Thus, how to manage the DS of a linked list was described. Although this invention was explained in 
relation to the specific instantiation operation gestalt, probably, it will be clear that various 
corrections and modification can be added to these operation gestalten, without deviating from the 
extensive main point and extensive range of this invention. Therefore, please this description and a 
drawing be not restrictive and consider that they are an instantiation-thing. 
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